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@ By determining the curvatures or wall thicknes- 
ses of condensing lenses over photosensitive parts 
independently of each other, in spite of the shapes 
of photosensitive pixels (photosensitive parts) i.e. 
even in the case where the length in row direction is 
longer than that in column direction, light is directed 
to the respective photosensitive parts. Over the pho- 
tosensitive parts in columns of the ones arranged in 
the form of a matrix, l>elt-Iike layers are formed, and 
the condensing lenses are formed on those band- 
like layers, to obtain the desired curvatures or wall 
thicknesses. 
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FIELD OF THE INVENTION 

The present Invention relates to a solid state 
image pickup device and a method of manufactur- 
ing the same. 

BACKGROUND OF THE INVENTION 

A solid state image pickup device is construct- 
ed of a plurality of pixels of image pickup elements 
each having a photosensitive section. In each im- 
age pickup element, light incident to a light receiv- 
ing section Is converted Into electric charge signal 
by the photosensitive section (e.g., a photodiode). 
This electric charge signal is outputted from a 
charge transfer section of the solid state image 
pickup device. 

As a method of improving the light reception 
sensitivity of such a solid state image pickup de- 
vice without enlarging a light receiving section, a 
light converging lens is mounted ak>ove a 
photodiode (photosensitive section) to converge ex- 
ternal light onto the photosensitive section. 

A conventional method of manufacturing a solid 
state image pickup device having a light converg- 
ing lens will be described with reference to Figs. 
13Ato 130. 

As seen from Rg. 13A. a plurality of photosen- 
sitive sections (photodiodes) 2 are first formed on 
the surface of a semiconductor substrate 1 at pre- 
determined areas. The surface of the photodiodes 
2 is covered with a passivation film 3. Color filters 
4i, 42 and 43 are formed on the surface of the 
passivation film 3, using a dying film such as 
gelatin. The color filters 4i, 42 and 43 are red, 
green, and blue, respectively. A passivation film 5 
is deposited on the surface of these color filters 4^ , 
42 and 43. 

Next, as seen from Fig. 13B, a photoresist film 
6A is formed over the whole surface of the pas- 
sivation film 5. The photoresist film 6A is patterned 
to form a photoresist film 6 above each photodiode 
2. 

Thereafter, as shown in Fig. 13C, light 7 is 
applied to the photoresist films 6 to make them 
transparent. 

Then, as shown in Rg. 13D, the transparent 
films 6 are thermally deformed to form light con- 
verging lenses 6'. 

Figs. 11 A to 11c show a conventional solid 
state image pickup device manufactured by the 
above-described method. Fig. 1 1 C is a plan view, 
Fig. 11A is a cross sectional view taken along the 
As -As- of Rg. 11 C, and Fig. 11B is a cross sec- 
tional view taken along line Bs-Bs- of Fig. 11C. Fig. 
11A corresponds to Rg. 13D. 

Another conventional manufacturing method 
will be described with reference to Figs. 14A to 



14D. 

The processes up to forming a passivation film 
5 shown in Rg. 11A are the same as those de- 
scribed with Fig. 13A. A transparent film 106 to 

5 form light converging lenses 106* (refer to Rg. 
14D) Is formed on the passivation film 5. 

Next, as seen from Fig. 14B. a photoresist 
layer 107A is formed on the transparent film 106. 
The photoresist layer 107A is patterned by means 

70 of a photoetching method, to form a photoresist 
film 107 patterned so as to form light converging 
lenses. Thereafter, as seen from Fig. 14C and 14D, 
the transparent film 106 and photoresist film 107 
are etched by means of an anisotropic etching 

15 (e.g., RIE). The shape of the photoresist film 107 is 
therefore transferred to the transparent film 1 06 to 
form the light converging lenses 106*. The plan 
view and cross sectional view along line 85-85' of 
this device are shown in Figs. 11C and 11B. 

20 As shown in Fig. 14B, the photoresist film 107 
of a solid state image pickup device manufactured 
by the method explained with Figs. 14A to 14D is 
formed on a flat passivation film 5. Therefore, the 
film thickness is substantially the same both in the 

25 X- and Y-directions. Thus, the curvatures in the X- 
and Y-directions are determined by the shape of 
the photoresist film 107 patterned so as to form the 
light converging lenses. The light convergence effi- 
ciency in the direction along line As-Ag- of the light 

30 converging lens 6' (106') shown in Fig. 11A is good 
because light is refracted by the light converging 
lens 6' and directed to the center of the photodiode 
2. However, the light convergence efficiency In the 
direction along line B5-B5- is not so good because 

35 of a so-called "circular aberration" phenomenon 
caused by a larger curvature at the plane along line 
Bs-Bs- of the light converging lens 6* (106*) than 
that along line A-A. Specfically, as seen from Rg. 
12 showing the lens effects, light in the Y-direction 

40 (B-B direction) can be sufficiently converged, but 
light in the X-direction (A-A direction) cannot be 
sufficiently converged. Therefore, an effective light 
convergence area 9 becomes small. In other 
words, the light convergence of the light converg- 

45 ing lens 6 becomes small. 

If the curvature Is set so that light in the Y- 
direction can be sufficiently converged, the length 
of each pixel becomes greater In the X-direction 
than in the Y-direction. Therefore, contrary to the 

50 above-described case, light in the X-direction can- 
not be sufficiently converged. Most of light near 
each photodiode cannot be used accordingly. This 
is serious particulariy for a PAL method having 
more pixels in the vertical direction than the hori- 

55 zontal direction. 

As described above, a conventional device 
cannot obtain a sufficiently large effective light con- 
vergence area 9 (Fig. 12). Therefore, if the ratio of 
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an X-direction width to a Y-direction width of the 
micro light converging lens 6' (106*) changes, the 
light converging lens effects in the Y-direction may 
disappear in some cases. Namely, both opposite 
areas in the Y-direction of the photodiode 2 may 
become an invalid light convergence area 10. As a 
result, light incident to the invalid light convergence 
area 10 may enter adjacent photodiodes, resulting 
in a problem of increased color crosstalk, smear, 
and the like. 

It is conceivable that the curvature is made 
small by thinning the film thickness of the light 
converging lens 6' (106*) at the cross section in the 
Y-direction or along line B5-B5 . However, this es- 
sentially makes small the curvature of the light 
converging lens at the cross section in the X- 
direction or along line As-Ag . The effective light 
convergence area therefore becomes small. If the 
length in the X-direction of the photodiode is made 
large to compensate for the reduced effective light 
convergence area, the problem of increased smear 
will occur. 

SUMMARY OF THE INVENTION 

The present invention has been made in con- 
sideration of the above circumstances. It is there- 
fore an object of the present invention to provide a 
solid state image pickup device and a method of 
manufacturing the same, capable of obtaining a 
high light reception sensitivity irrespective of the 
size of each pixel. 

According to the solid state image pickup de- 
vice of the present invention, a suitable curvature 
or thickness of a light converging lens is set. 
Therefore, light Incident to the tight converging lens 
either in the row direction or In the column direc- 
tion, can be converged efficiently to the corre- 
sponding photosensitive section, considerably im- 
proving the light reception sensitivity. 

According to the method of manufacturing a 
solid state image pickup device of the present 
invention, a strip layer is formed above photosen- 
sitive sections disposed in the column line to form 
light converging lenses by directly or indirectly 
using the strip layer. Therefore, it is possible to 
control the curvature or thickness of a light con- 
verging lens independently at cross sections in the 
row and column directions, and to obtain a solid 
state image pickup device capable of efficiently 
converging incident light in the row and column 
directions to the photosensitive section. 

In the solid state image pickup device of the 
present invention, photosensitive sections of re- 
spective solid state image pickup elements are 
disposed In a matrix shape, and each light con- 
verging lens is positioned above each photosen- 
sitive section. The curvatures of each light converg- 



ing lens, i.e.. a first curvature at the cross section 
in the row direction of the matrix and a second 
curvature at the cross section in the column direc- 
tion, are set to such values that light incident to 

5 each light converging lens in the row and column 
directions is directed to the corresponding pho- 
tosensitive section. Therefore, irrespective of the 
shape of a photosensitive section, for example, 
irrespective of different side lengths in the row and 

70 column directions, light incident to each light con- 
verging lens in the row and column directions is 
directed to the conresponding photosensitive sec- 
tion. 

According to another solid state image pickup 
75 device of the present invention, a desired thickness 
of a light converging lens is set. Therefore, light 
Incident to each light converging lens in the row 
and column directions, is directed to the corre- 
sponding photosensitive section, similar to the 
20 above-described device, irrespective of the shape 
of a photosensitive section, for example, irrespec- 
tive of the side lengths in the row and column 
directions. 

According to a method of manufacturing a solid 

25 state Image pickup device of the present invention, 
a strip layer is formed above a plurality of pho- 
tosensitive sections disposed in the row direction. 
An outer portion of each light converging lens is 
formed on the strip layer. Therefore, the curvature 

30 of each light converging lens can be controlled 
Independentiy at cross sections in the row and 
column directions. It is therefore possible to obtain 
a solid state image pickup device having light 
converging lenses capable of directing light in- 

35 cident In the row and column directions to the 
corresponding photosensitive sections. 

According to another method of manufacturing 
a solid state image pickup device of the present 
invention, a strip layer is formed above a plurality 

40 of photosensitive sections disposed In the row di- 
rection. A lens shape Is formed on the strip layer 
by using the strip layer, the thickness of the lens 
form being controlled independently at cross sec- 
tions in the row and column directions. The lens 

45 shape is transferred to form a light converging lens. 
Therefore, it is possible to obtain a solid state 
Image pickup device having suitable controlled 
thicknesses at cross sections in the row and col- 
umn directions. 

50 

BRIE F DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a cross sectional view taken along line 
Ai-Av of a solid state image pickup device 
55 according to a tirst embodiment of the present 
invention; 

Fig. 18 is a cross sectional view taken along line 
Bi-Bv of the solid state image pickup device of 
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the first embodiment; 

Rg. 1C is a plan view of the solid state Image 
pickup device of the first embodiment: 
Rg. 2 is a plan view explaining the advanta- 
geous effects of the first embodiment; 
Rgs. 3 and 4 show processes of a method of 
manufacturing the solid state image pickup de- 
vice of the first embodiment; 
Rg. 5A is a cross sectional view taken along line 
A2-A2' of a solid state image pickup device 
according to a second embodiment of the 
present invention; 

Rg. 5B is a cross sectional view taken along line 

B2-B2' of the solid state image pickup device of 

the second embodiment; 

Rg. 5C is a plan view of the solid state image 

pickup device of the second embodiment; 

Rg. 6A is a cross sectional view taken along line 

Aa-As' of a solid state image pickup device 

according to a third embodiment of the present 

invention: 

Rg. 6B is a cross sectional view taken along line 
Ba-Ba* of the solid state Image pickup device of 
the third embodiment; 
. Rg. 6C is a plan view of the solid state image 
pickup device of the third embodiment; 
Rg. 7A is a cross sectional view along line A^- 
A4' of a solid state image pickup device manu- 
factured by the method of the present invention; 
Rg. 7B is a cross sectional view along line B^- 
84' of the solid state image pickup device manu- 
factured by the method of the present invention; 
Rg. 7C is a plan view of the solid state Image 
pickup device manufactured by the method of 
the present invention; 

Rg. 8 Is a plan view explaining the advanta- 
geous effects of the solid state image pickup 
device shown in Rg. 7; 

Rgs. 9A to 9E and Rgs. 10A to 10E are cross 
sectional views showing the processes of manu- 
facturing the solid state image pickup device 
shown in Rgs. 7A to 7C; 
Rg. 11A is a cross sectional view along line As- 
As' of a conventional solid state image pickup 
device: 

Rg. 118 is a cross sectional view along line 85- 
85* of the conventional solid state image pickup 
device: 

Rg. 11c is a plan view of the conventional solid 
• state image pickup device: 
Rg. 12 is a plan view explaining the disadvan- 
tages of the conventional solid state image pic- 
kup device; and 

Rgs. 13 and 14 are cross sectional views show- 
ing the processes of manufacturing conventional 
solid state image pickup devices. 

EMBODIMENTS 



A solid state image pickup device according to 
the first embodiment of the present invention will 
be described with reference to Rgs. 1A to 1C and 
Rg. 2. 

5 The plan view of the solid state image pickup 

device of the first embodiment is shown in Rg. 1C, 
the cross sectional view along line Ai -Ar is shown 
in Rg. 1A. and the cross sectional view along line 
Bi -Bv is shown in Rg. 1B. 

70 The solid state image pickup device of the first 
embodiment is constructed of the following ele- 
ments. Namely, it has a plurality of photodiodes 2 
formed on the surface of a semiconductor sub- 
strate 1 at predetermined areas, a passivation film 

76 (protective film) 3 for protecting the photodiodes, 
color filters 4i, 42, and 43 formed on the pas- 
sivation film 3 for the respective photodiodes 2, a 
passivation film 5 for protecting the color filters 4i , 
42, and 43, transparent strip layers 11 formed on 

20 the passivation film 5 above the photodiodes 2. and 
tight converging lenses 6* covering the transparent 
strip layers 1 1 . The photodiodes 2. passivation film 
3, color filters 4i , 42, and 43, and passivation film 5 
are the same as conventional elements, so the 

25 description thereof is omitted. The strip layers 11 
are made of transparent material and fonnned run- 
ning In the Y-direction as seen from Rg. 1C. The 
cross section of the strip layer 1 1 along line A-A is 
rectangular as seen from Rg. 1A. The width of the 

30 strip layer 1 1 in the direction along the longer side 
of the photodiode 2 (X-dlrection shown in Rg. 1C) 
is greater than the width of the photodiode 2 in the 
X-direction, The length of the strip layer 11 in the 
Y-direction is set such that it continuously covers a 

35 plurality of photodiodes 2 disposed in the Y-direc- 
tion. Each light converging lens 6* is provided for 
each photodiode 2, and formed above each strip 
layer 11. As seen from Rg. 1A, the curvature of the 
light converging lens 6' at the cross section taken 

40 along line Ai-Ar is substantially the same as that 
of a conventional device. However, as seen from 
Rg. 1 B, the curvature of the light converging lens 
6' at the cross section along line Bi-Bv is different. 
Namely, the thickness of the light converging lens 

45 6' at the cross section along line 8-8, i.e., the 
thickness effective for tight convergence, is thinner 
than that of a conventional device. A desired value 
of curvature of the light converging lens 6' can be 
therefore obtained, and almost all light incident to 

50 the light converging lens 6' can be converged to 
the corresponding photodiode 2. 

As a result, as shown in Rg. 2, almost all 
external light 8 incident to the light converging lens 
6' can be converged to the photodiode 2 not only 

55 in the X-direction but also in the Y-direction, I.e., in 
the omnidirectional manner. Therefore, as com- 
pared to a conventional device, an effective light 
convergence area 9 becomes large, improving the 
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light reception sensitivity. 

Furthermore, in the first embodiment, as seen 
from Rgs. 1A to 1C, adjacent two light converging 
lenses 6' are disposed as near as possible, and 
each light converging lens 6' has a curvature allow- 
ing almost all light incident to each light converging 
lens 6' to be converged to the corresponding 
photodiode 2. Therefore, an area not allowed for 
external light to be incident to the photodiode 2 can 
be made small. For example, consider a conven- 
tional solid state image pickup device having a 
pixel dimension of 9.6 um width x 9.6 um height 
and a photodiode dimension of 2 um width x 3 um 
height. In this case, the width of the invalid light 
convergence area 10 is about 2.0 um at the maxi- 
mum. In contrast, the width of the invalid light 
convergence area 10 of the solid state Image pic- 
kup device of the first embodiment, is as small as 
about 0.5 um at the maximum. From the macro 
viewpoint, almost all the light receiving section of 
the solid state image pickup device is substantially 
covered with a set of light converging lenses 6'. As 
a result, flare and smear are suppressed, improving 
the reliability of the solid state image pickup de- 
vice. 

A method of manufacturing the solid state im- 
age pickup device of the first embodiment will be 
described with reference to Figs. 3A to 3D and 
Rgs. 4A to 4D. 

Figs. 3A to 3D are cross sectional views along 
line Ai-Ar of Fig. 1C showing manufacturing pro- 
cesses, and Figs. 4A to 4D are cross sectional 
views along line B^•B^', 

In Figs. 3A and 3B, manufacturing processes 
same as conventional are used until a passivation 
film 5 Is formed. 

As seen from Figs. 3B and 4B. a film 11A Is 
formed on the passivation film 5, using styrene 
based resist or acrylic based resist. This film 11A 
is patterned to form a plurality of transparent strip 
layers 11 each having a predetermined dimension 
and continuously covering a plurality of 
photodiodes 2, 2, ... disposed in the Y-direction. 

Thereafter, as seen from Figs. 3C and 4C, a 
positive photoresist film 6A is formed covering the 
strip layers 11. The positive photoresist film 6A is 
patterned in a predetermined shape by means of a 
photoetching method. Each patterned positive 
photoresist film 6 is made transparent, for example, 
by applying light thereto. 

Thereafter, as seen from Figs. 3D and 4D, light 
converging lenses 6', 6', ... are formed through 
thermal deformation. 

With the above-described manufacturing meth- 
od, it is possible to obtain the film thickness of the 
light converging lens 6* at an area effective for tight 
convergence, different in the X-direction and Y- 
direction, which the conventional device cannot ob- 



tain. In this manner, desired curvatures of the light 
converging lens 6' can be obtained at all the cir- 
cumference of the lens. Therefore, almost all light 
incident to the light converging lens 6* can be 

5 converged to the corresponding photodiode 2. 

Next, a solid state image pickup device accord- 
ing to the second embodiment of the present in- 
vention will be described with reference to Figs. 5A 
to 5C. The plan view of the solid state image 

70 pickup device of the second embodiment is shown 
in Fig. 5C, the cross section taken along line A2-A2' 
of Fig. 5C is shown in Fig. 5A, and the cross 
section taken along line 82-82' of Fig. 5C is shown 
in Fig. 58. 

75 As seen from Figs. 5A and 58, the different 
points of the second embodiment from the first 
embodiment reside in that a passivation film IV 
made of transparent material for protecting trans- 
parent layers 11 is formed between the layers 11 

20 and light converging lenses 6', and that the cross 
section of the strip layer 11 along line A2-A2> is 
made generally of a trapezoidal shape. In the sec- 
ond embodiment, like elements to those of the first 
embodiment are represented by using identical ref- 

25 erence numerals, and the description thereof is 
omitted. 

In the second embodiment, the strip layers 1 1 
are covered with the passivation film IV. There- 
fore, as the material of the strip layer 11, it is 

30 possible to use styrene based or acrylic based 
negative photoresist, increasing the degree of free- 
dom of material selection. It is preferable to use, as 
the material of the passivation layer 1V, material 
which does not intermixed with the material of the 

35 light converging tens 6'. 

The solid state image pickup device of the 
second embodiment can have desired curvature of 
the light converging lens 6' and the advantageous 
effects, similar to the first embodiment. Further- 

40 more, the strip layers 11 are covered with the 
passivation film IV, so that the strip layers 11. 
particulariy their corners, will not be exposed even 
if th3 film thickness of the lens 6' becomes thin, as 
different from the first embodiment, thus improving 

45 the reliability of the device. The third embodiment 
of the present invention is shown In Figs. 6A to 6C. 
The plan view of the solid state image pickup 
device of the third embodiment is shown in Fig. 
6C, the cross section taken along line Aa-Aa- of Fig. 

50 6C is shown in Fig. 6A, and the cross section taken 
along line 83-83* of Fig. 6C is shown in Rg. 68. 

For the solid state image pickup device of the 
third embodiment, the processes up to forming a 
passivation film 5 for protecting color filters 4i, 42, 

55 and 43 are performed in a similar manner to the 
first embodiment. Thereafter, formed on the pas- 
sivation film 5 are light converging lenses 60, each 
constructed of a first light converging lens 61 , and 
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a second light converging lens 62. The first light 
converging lens 61 , has a cross section along line 
A3-A3' of generally a crescent moon shape. This 
lens 61 extends in the Y-direction to cover a plural- 
ity of photodiodes 2, 2, ... disposed in the Y- 5 
direction. 

The first light converging lens 61 • can be con- 
sidered as a strip layer having a curvature effective 
for light convergence. As a result, similar to the 
first and second embodiments, in the third embodi- 10 
ment, the second light converging lenses 62- can 
be considered as covering the strip layers (first 
light converging lenses 61). Each second light con- 
verging lens 62- covers the first light converging 
lens 6r for the corresponding photodiode 2. There- 76 
fore, the curvature of the light converging lens Bo- 
at the cross section along line A3 -A3- is determined 
by the light converging lenses By and 62', and the 
curvature at the cross section along line 83 -Ba- is 
determined by the light converging lens 62-. It is 20 
therefore possible to have desired curvatures at the 
cross sections along line A3-A3 and line B3-B3 . If 
adjacent two second light converging lenses 62 are 
disposed as near as possible, the invalid light con- 
vergence area 10 can be made small, obtaining the 25 
advantageous effects similar to the first embodi- 
ment. 

In the third embodiment, it is preferable to use 
as the material of the first light converging lens 6r, 
material which does not intermixed with the ma- do 
terlal of the second light converging lens 62 . For 
example, material added with thermosetting agent 
may be used as the material of the first light 
converging lens dy. Raw material is deformed ther- 
mally to obtain the shape of the lens 61 shown in 35 
Rg. 6A, and thereafter It Is thermally set to form 
the light converging lens 61 •. Thereafter, a lens raw 
material layer is formed on the first light converg- 
ing lens 6v and etched to form the second light 
converging lens 62*. In this manner, it is possible 40 
not to intermix together the materials of the first 
and second light converging lenses 61 and 62-. 

Also in the third embodiment, the light con- 
verging lens 6o* is constructed of two-layered len- 
ses 61 ' and 62*, so that It can be made thicker tiian 45 
a single layer lens. A thick single layer poses 3 
problem of a low patterning precision. However, a 
multi layer eliminates this problem. 

Next, a solid state image pickup device accord- 
ing to the fourth embodiment of the present inven- so 
tion will be described with reference to Figs. 7A to 
7C. The plan view of the solid state image pickup 
device of the fourth embodiment is shown in Fig. 
7C, the cross section taken along line A4-A4' of Fig. 
7C is shown in Fig. 7A, and the cross section taken ss 
along line B^-B^- of Rg. 7C is shown in Fig. 7B. 

First, the processes of manufacturing the solid 
state image pickup device of the fourth embodi- 
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ment will be described with reference to Rgs. 9A 
to 9E and Figs. 10A to 10E. 

Similar to Fig. 3A, as seen from Figs. 9A and 
10A, formed on a semiconductor substrate 1 are 
photodiodes 2, passivation film 3, color filters 4i, 
42, and 43, and passivation film 5. 

As seen from Figs. 9B and 10B, a transparent 
film layer 106 is formed on the passivation film 5. 

As seen from Figs. 9C and IOC, strip layers 
11' like the strip layers 11 shown in Fig. 3C are 
formed on the film layer 106. A resist film 6 like the 
positive photoresist film 6 shown in Rg. 3C is 
formed on the strip layers 11'. 

Next, as shown in Figs. 9D and 10D, the resist 
film 6 is heated to obtain the lens shape 6". Since 
the light converging lens is formed at the later 
process by etching a transparent film, the strip 
layers 1V and lens shape layer 6" are not neces- 
sary to use transparent material. Therefore, the 
degree! of freedom of selecting the material for 
these layers 11' and 6" can be broaden. 

Thereafter, as seen from Figs. 9E and 10E, 
anisotropic etching is carried out using O2 RIE for 
example. The lens shape 6" is therefore trans- 
ferred to a transparent film layer 106 to form light 
converging lenses 1 06'. 

Similar to the first embodiment, the solid state 
image pickup device manufactured in the above 
manner can obtain desired curvatures of the light 
converging lens 106' at the cross sections along 
line A4-A4' and line B4-B4>. Therefore, as shown In 
Fig. 8, almost all light Incident to the light converg- 
ing lens 106' can be converged to the correspond- 
ing photodiode 2, considerably improving the light 
reception sensitivity similar to the first embodiment, 
in manufacturing a solid state image pickup device, 
instead of forming strip layers and patterns for light 
converging lenses as used in the first embodiment, 
light converging lenses as used in the first embodi- 
ment, light converging lenses 106' may be formed 
by transferring patterns to a transparent film layer 
by means of anisotropic etching, after forming strip 
layers and patterns for light converging lenses as 
used in the second embodiment, or after forming 
strip layers and patterns for light converging lenses 
as used in the third embodiment. 

In the above embodiments, the cross section of 
the strip layer has a rectangular shape, trapezoidal 
sh£pe or crescent moon shape. The present inven- 
tion is not limited thereto, but any other shape may 
be used so long as it provides the above-described 
function of the strip layer. 

In the foregoing description, a solid state image 
pickup device having color filters has been used by 
way ot example. The present invention is not limit- 
ed thereto. Obviously, the present invention can be 
applied to solid state image pickup devices without 
color filtsrs. 
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Ctaims 

1. A solid state image pickup device comprising: 

a semiconductor substrate (1): 

a plurality of solid state image pickup ele> 
ments formed on said semiconductor substrate 
(1), each said solid state image pickup element 
including a photosensitive section (2) for con- 
verting incident light (8) into an electric charge 
signal, said photosensitive sections (2) being 
disposed on the surface ot said substrate (1) 
generally in a matrix form, and each said pho- 
tosensitive section (2) having one side in the 
row direction longer than the other side in the 
column direction; and 

a plurality of light converging lenses (G\ 
11; 6*. 11, IV; 6r. 62) formed above said 
plurality of photosensitive sections (2), each 
said light converging lens being provided for 
each said photosensitive section (2), each said 
light converging lens having a first curvature at 
a cross section in the row direction and a 
second curvature at a cross section in the 
column direction, respectively set independent- 
ly from each other, and light (8) incident to 
each said light converging lens in the row and 
column directions being refracted toward each 
said photosensitive section corresponding to 
each said light converging lens. 

2. A solid state image pickup device according to 
claim 1, wherein said first and second cur- 
vatures of each said light converging lens are 
set to such values that light incident in the row 
and column directions is converged near to the 
center of each said photosensitive section (2) 
corresponding to each said light converging 
lens. 

3. A solid state image pickup device according to 
claim 1, wherein each said light converging 
lens is constructed of a laminated layer of a 
plurality of layers. 

4. A solid state image pickup device according to 
claim 3, wherein each said light converging 
lens (6', 11; 6i', 62 ) includes an inner layer (11; 
61) above each said photosensitive section (2) 
and an outer layer (6'; 62 ) covering said inner 
layer (11;6r). 

5. A solid state image pickup device according to 
claim 4, wherein a plurality of said inner layers 
(11; 6r) of said photosensitive sections dis- 
posed In the column direction are continuously 
coupled to form a strip layer (1 1 ; 6r). 

6. A solid state image pickup device according to 



claim 5, wherein the cross section of said strip 
layer (11) in the row direction is generally of a 
rectangular shape. 

5 7. A solid state image pickup device according to 
claim 5. wherein the cross section of said strip 
layer (61) in the row direction is generally of a 
semicircular shape. 

70 8. A solid state image pickup device according to 
claim 6, wherein said outer layer (6') covers 
the upper surface and opposite sides of said 
inner layer (11) at the cross section in the row 
direction, and covers the upper surface of said 

75 inner layer (11) at the cross section in the 
column direction. 

9. A solid state image pickup device according to 
claim 6, wherein said outer layer (6') covers 

20 the arcuate portion of said inner layer (61 •) at 

the cross section in the row direction, and 
covers the corner portions of said inner layer 
(61) at the cross section in the column direc- 
tion. 

25 

10. A solid state image pickup device according to 
claim 8, wherein each said photosensitive sec- 
tion (2) is formed of a rectangular shape hav- 
ing one side in the row direction longer than 

30 the other side in the column direction. 

11. A solid state image pickup device according to 
claim 9, wherein each said photosensitive sec- 
tion (2) is formed of a rectangular shape hav- 

35 ing one side in the row direction longer than 

the other side in the column direction. 

12. A solid state image pickup device according to 
claim 1, wherein color filters (4i; 42; 43) are 

40 formed between said light converging lenses 
and corresponding photosensitive sections. 

13. A solid state image pickup device according to 
claim 4, wherein color filters {4^\ A2', 43) are 

45 formed between said light converging lenses 
and corresponding photosensitive sections. 

14. A solid state image pickup device according to 
claim 5, wherein color filters (4i; A^', 43) are 

50 formed between said light converging lenses 

and corresponding photosensitive sections. 

15. A solid state Image pickup device according to 
claim 8, wherein color filters (4i; 42; 43) are 

55 formed between said light converging lenses 
and corresponding photosensitive sections. 

16. A solid state image pickup device according to 
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claim 9, wherein color filters (4i; 42', 43) are 
formed between said light converging lenses 
and conresponding photosensitive sections. 

17. A solid state image pickup device according to 
claim 3, wherein each said light converging 
lens (6*. 11. IV) includes an inner layer (11) 
above each said photosensitive section (2), an 
intermediate layer (11') made of an optional 
number of layers covering said inner layer 
(11), and an outer layer (6') covering said 
intermediate layer (IV). 

18. A solid state image pickup device according to 
claim 17, wherein a plurality of said inner lay- 
ers (11) of said photosensitive sections dis- 
posed in the column direction are continuously 
coupled to form a strip layer (11). 

19. A solid state image pickup device according to 
claim 18, wherein each said inner layer (11) is 
made of a planar member collectively covering 
a plurality of upper surfaces of said strip layers 
and a plurality of gaps between said strip 
layers. 

20. A solid state Image pickup device according to 
claim 19, wherein said outer layer (6') covers 
said intermediate layer (11') and positioned 
above said inner layer (11), and the shape of 
said outer layer (6') Is set such that an arcuate 
portion length at the cross section in the row 
direction Is shorter than an arcuate portion 
length at the cross section in the column direc- 
tion. 

21. A solid state Image pickup device according to 
claim 20, wherein each said photosensitive 
section (2) is formed of a rectangular shape 
having one side in the row direction longer 
than the other side in the column direction. 

22. A solid state image pickup device according to 
claim 17, wherein color filters (4i; 42; 43) are 
formed between said light converging lenses 
(6*. 11, 11*) and conresponding photosensitive 
sections (2). 

23. A solid state image pickup device according to 
claim 18, wherein color filters (4^: 42; 43) are 
formed between said light converging lenses 
(6', 11, 11') and corresponding photosensitive 
sections (2). 

24. A solid state image pickup device according to 
claim 19, wherein color filters (4i; A2', 43) are 
formed between said light converging lenses 
(6', 11, IV) and corresponding photosensitive 



sections (2). 

25. A solid state image pickup device according to 
claim 20, wherein color filters (4i: 42; 43) are 

5 formed between said light converging lenses 

(6*, 11, IV) and corresponding photosensitive 
sections (2). 

26. A solid state image pickup device comprising: 
10 a semiconductor substrate (1); 

a plurality of solid state image pickup ele- 
ments formed on said semiconductor substrate 
(1), each said solid state Image pickup element 
including a photosensitive section (2) for con- 

15 verting incident light (8) into an electric charge 

signal, said photosensitive sections (2) being 
disposed on the surface of said substrate (1) 
generally in a matrix form, and each said pho- 
tosensitive section (2) having one side in the 

20 row direction longer than the other side in the 

column direction; and 

a plurality of light converging lenses 
(106') formed above said plurality of photosen- 
sitive sections (2), each said light converging 

25 lens (106') being provided for each said pho- 

tosensitive section (2). each said light converg- 
ing lens having a first thickness at a cross 
secvion in the row direction and a second 
thickness at a cross section in the column 

30 direction, respectively set independently from 

each other, and light (8) incident to each said 
light converging lens in the row and column 
directions being refracted toward each said 
photosensitive section (2) corresponding to 

35 each said light converging lens. 

27. A solid state image pickup device according to 
claim 26, wherein said first and second thic- 
knesses of each said light converging lens 

40 (106') are set to such values that light (8) 

incident in the row and column directions is 
converged near to the center of each said 
photosensitive section (2) corresponding to 
each said light converging lens (106'). 

45 

28. A solid state image pickup device according to 
claim 27. wherein the shape of each said light 
converging lens (106) being set such that an 
arcuate portion length at the cross section in 

50 the row direction is shorter than an arcuate 
portion length at the cross section in the col- 
umn direction. 

29. A method of manufacturing a solid state image 
55 pickup device, comprising the steps of: 

forming a plurality of image pickup ele- 
ments at predetermined areas on the surface 
of a semiconductor substrate (1), said image 
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pickup elements each having a photosensitive 
section (2). a plurality of said photosensitive 
sections (2) being disposed generally in a nna- 
trix shape, and each said photosensitive sec- 
tion (2) having one side In the row direction 
longer than the other side in the colunnn direc- 
tion; 

forming a plurality of transparent strip lay- 
ers (1 1 ) above a plurality of said photosensitive 
sections (2) of said image pickup elements 
disposed in the column direction; 

fomning a photoresist layer on said semi- 
conductor substrate (1) and said plurality of 
strip layers (11); 

patterning said photoresist layer to form a 
plurality of photoresist layer pieces (6) in a 
matrix form, said plurality of photoresist layer 
pieces covering said strip layers above said 
photosensitive sections; and 

thermally deforming each said photoresist 
layer pieces (6), and by using said thermally 
deformed photoresist layer pieces (6) and said 
strip layers (11), forming light converging len- 
ses each having curvatures to refract light (8) 
incident in the row and column directions to- 
ward a corresponding one of said photosen- 
sitive sections (2). 
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etching said lens shapes (6"), said strip 
layers (11*), and said transparent film layer 
(106), and transferring said lens shape (6") to 
said transparent film layer (106) to form a light 
converging lens (106') above each said pho- 
tosensitive section (2), said light converging 
tens having a thickness suitable for refracting 
light (8) incident to the row and column direc- 
tions toward a corresponding one of said pho- 
tosensitive sections (2). 

32. A method of manufacturing a solid state image 
pickup device according to claim 31, further 
comprising a step of forming color filters (4i; 
42; 43) of optional colors between each said 
light converging lens (106*) and each said pho- 
tosensitive section (2). 



30. A method of manufacturing a solid state image 
pickup device according to claim 29, further 
comprising a step of forming color filters (4i ; 
42; 43) of optional colors between each said 
light converging lens (6*, 11) and each said 
photosensitive section (2). 

31. A method of manufacturing a solid state image 
pickup device, comprising the steps of: 

forming a plurality of image pickup ele- 
ments at predetermined areas on the surface 
of a semiconductor substrate (1), said image 
pickup elements each having a photosensitive 
section (2). a plurality of said photosensitive 
sections (2) being disposed generally in a ma- 
trix form, and each said photosensitive section 
(2) having one side in the row direction longer 
than the other side in the column direction; 

forming a transparent film layer (106) 
above said plurality of photosensitive sections 
(2) for covering said plurality of photosensitive 
sections; 

forming strip layers (11*) on said transpar- 
ent film layer (106) above said plurality of 
photosensitive sections (2); 

forming a lens shape defining film on said 
transparent film layer (106) and said strip lay- 
ers (11), etching said lens shape defining film 
to form lens shapes (6") above each said 
photosensitive section (2); and 
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